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tion and Power of Attorney for Patent Application 
Declaration et Pouvoirs pour Demande de Brevet 

French Language Declaration 



En tant que I'inventeur nomme ci-apres, je declare par le 
present acte que: 



Mon domicile, mon adresse postale, et ma nationality sont 
ceux figurant ci-dessous a cote de mon nom. 

Je crois eire Ie premier inventeur original et unique (si un 
seul nom est mentionne ci-dessous), ou Tun des premiers co- 
inventeurs originaux (si plusieurs noms sont mentionnes ci- 
dessous) de Tobjet revendique, pour lequel une demande de 
brevet a ete deposee concernant ^invention intitulee: 



et dont la description est fournie ci-joint a moins que la case 
suivante n'ait 6t6 cochee: 



□ a 6t6 deposee le_ 



sous 



le numero de demande des Etats-Unis ou le 
numero de demande international PCT 



les specifications portant le dossier de Tavocat 
numero 



et modifiee le 

(le cas £cheant). 

Je declare par le present acte avoir passe en revue et 
compris le contenu de la description ci-dessus, 
revendications jcomprises, telles que modifiees par toute 
modification dont il aura ete" fait reference ci-dessus. 



Je reconnais devoir divulguer toute information pertinente a 
la brevetabilite, comme defini dans le Titre 37, §1.56 du 
Code federal des re*glementations. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name. 

I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled 

INTEGRATED DIGITAL TEMPERATURE SENSOR 



the specification of which is attached hereto unless one 
of the following boxes is checked: 

a was filed on 



as United States Application Number or PCT 
International Number 



the specification of which bears attorney 
docket No . 



and was amended on _ 
(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended by any amendment referred to 
above. 

I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, §1.56. 
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French Language Declaration 



Je revendique par le present acte avoir la prioritd etrangere, en 
vertu du Titre 35, §I19(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute demande dtrangere de brevet ou certificat 
d'inventeur ou, en vertu du Titre 35, § 365(a) du meme Code, 
sur toute demande internationale PCT designant au moins un 
pays autre que les Etats-Unis et figurant ci-dessous et, en 
cochant la case, j'ai aussi indique ci-dessous toute demande 
e*trangere de brevet, tout certificat d'inventeur ou toute demande 
Internationale PCT ayant une date de dep6t pr<*c£dant celle de la 
demande a propos de laquelle une priority est revendiquee. 



Prior foreign application(s) 
Demandefs) de brevet ant6rieure(s) 

02/12552 



FRANCE 



(Number) 
(Numero) 



(Country) 
(Pays) 



(Number} 
(Numem) 



(Country) 
(Pays) 



Je revendique par le present acte tout benefice, en vertu 
du Titre 35 §11 9(e) du Code des Etats-Unis, de toute 
demande de brevet provisoire effectuee aux Etats-Unis et 
figurant ci-dessous. 



plication No. ) 
de demande) 



(Filing Date) 
(Date de depdt) 



(Application No. ) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



Je revendique par le present acte, le benefice, en vertu du Titre 
35 § 120 du Code des Etats-Unis, de toute demande de brevet 
effectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 
meme Code, de toute demande internationale PCT designant les 
Etats-Unis et figurant ci-dessous et, dans la mcsurc ou l'objet de 
chacune des revendications de cette demande de brevet n'est pas 
divulgue* dans la demande anteneure amdricaine ou 
internationale PCT, en vertu des dispositions du premier 
paragraphe du Titre 35, § 112 du Code des Etats-Unis, je 
reconnais devoir divulguer toute information pertinente a la 
brevetabilite\ comme deTini dans le Titre 37, § 1.56 du Code 
Fe"d6ral des reglementadons, dont j'ai pu disposer entre la date 
de depot de la demande anteneure et la date de ddpot de la 
demande nalionale ou internationale PCT de la presente 
demande: 



I hereby claim foreign priority under Title 35, United 
States Code, §119(a)-(d) or § 365(b) of any foreign 
applications(s) for patent or inventor's certificate, or 
§ 365(a) of any PCT International application which 
designated at least one country other than the United 
States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application 
having a filing date before that of the application on 
which priority is claimed: 



9 OCTOBER 2002 



Priority not claimed 
Droit de prioritd non revendique 



(Day/Month/Year Filed) 
(Jour/Mois/Annee de depot) 



(Day/Month/Year Filed) 
(Jour/Mois/Ann6e de dep6t) 

I hereby claim the benefit under Title 35, United States 
Code, § 119(e) of any United States provisional 
application(s) listed below. 



I hereby claim the benefit under Title 35, United States 
Code, §120 of any United States application(s) or 
§ 365(c) of any PCT international application(s) 
designating the United States, listed below and, insofar as 
the subject matter of each of the claims of this application 
is not disclosed in the prior United States or PCT 
International application in the manner provided by the 
first paragraph of Title 35, United States Code, §112. I 
acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, §1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this 
application: 



(Application No.) 
(N° de Demande) 

(Application No.) 
(N° de Demande) 



(Filing Date) 
(Date de Depdt) 

(Filing Date) 
(Date de Depot) 



Je declare par le present acte que toute declaration ci-incluse est, 
a ma connaissance, vendique et que toute declaration formulee a 
partir de renseignements ou de suppositions est tenue pour 
vendique; et de plus, que toutes ces declarations ont 6te 
formulees en sachant que toute fausse declaration volontaire ou 
son equivalent est passible d'une amende ou d'une 
mcarceration, ou des deux, en vertu de la Section 1001 du Titre 
18 du Code des Etats-Unis, et que de telles declarations 
volontairement fausses risquent de compromettre la validite* de 
la demande dc brevet ou du brevet d61ivr6 a partir de cellc-ci. 



fStatusVPatented, pending abandoned) 
(StatutXbrevete, en cours d'examen, aoandonnd) 

(StatusWatented, pending abandoned) 

(Statu t)(brevete\ en cours d'examen, aoandonn6) 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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French Language Declaration 

POUVOIR: En tant que Pinventeur cite, je ddsigne par la presente r(les) 
avocat(s) et/ou agent(s) suivant(s) pour qu"il(s) poursuive(nt) la procedure de 
cette demande de brevet et traitc(nt) toute affaire s'y rapportant avec TOffice des 
brevets et des marques comme defini par !e numero d'enregistrcment du cabinet 


POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
following attomey(s) and/or agent(s) to prosecute this application and 
transact all business in the Patent and Trademark Office connected 
therewith as defined by Customer Number 


II 1 111' IM II I II 

23628 


et ies avocats ct/ou agents suivants: and the Practitioners named below: 

Mario J. Donato, Jr, Reg. No.. 37,816 
Nainesh Shah, Reg. No. 40,166 


Adresser toute corrcspondance a: Address correspondence to: ] 

James H. Morris 
Wolf, Greenfield & Sacks, P.C, 
Federal Reserve Plaza 
600 Atlantic Avenue, Boston, MA 02210-221 1(USA) 


Adresser tout appel teldphonique a; (Nom et numero de telephone) Direct Telephone Calls to: (name and telephone number) 

James R Morris 
(617) 720-3500 




Nom complet de P unique ou premier inventeur 

TESI Davide 


Full name of sole or first inventor 






Signature de I'inventeur Date 


Inventor's signature Date 






Domicile 

01210 FERNEY- VOLTAIRE, 


Residence 






Nationalite* 

ITALIAN 


Citizenship 






Adresse Postal c 

10, Chemin du Mont-Blanc 


Post Office Address 






Nom complet du second co-inventeur, ie cas echeant 

ZAMPIERI Ugo 


Full name of second or joint inventor 






Signature de PinventeuE Date 


Inventor's signature Date 






Domicile ^ 

01630 SAINT GENIS POULLY, 


Residence 






Nationalite 

ITALIAN 


Citizenship 






Adresse Postale 

3 Bis, Chemin du Moulin des Ponts 


Post Office Address 




(Fourair les metnes renseignements et la signature de tout co-inventeur 
supplementaire.) 


(Supply similar information and signature for third and sub-sequent joint 
inventors.) 
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(57) ABSTRACT 

A digital integrated circuit temperature sensor including an 
analog-to-digital converter providing a binary word repre- 
sentative of a temperature internal to the integrated circuit, 
and a circuit for providing an analog voltage representative 
of the circuit temperature and for generating a reference 
voltage for the analog-to-digital converter. The present 
invention especially applies to the testing of integrated 
circuits and to the control of their frequency and/or of their 
operating temperature according to their internal tempera- 
ture. 

5 Claims, 3 Drawing Sheets 




us 7,0: 

3 

elements between the output terminal of the first amplifier 
and the reference voltage; and 

a second operational amplifier having an inverting input 
terminal receiving the analog voltage depending on tem- 
perature and having a non-inverting input connected to the 5 
midpoint of its two resistive elements series-connected 
between the output terminal of said second operational 
amplifier and the reference voltage, the second operational 
amplifier providing an amplified voltage to be converted by 
said analog-to-digital converter. 10 

According to an embodiment of the present invention, . 
said variable resistive elements are formed of networks of 
switchable resistors. 

The present invention also provides an integrated circuit 
comprising a digital temperature sensor and a JTAG port of 15 
communication with the outside of the circuit, an input/ 
output register of the integrated circuit being connected to a 
register for memorizing the result provided by the analog- 
to-digital converter. 

The present invention also provides an integrated circuit 20 
comprising a digital temperature sensor and a logic block of 
interpretation of the current temperature measured by the 
sensor to control the frequency and/or the supply voltage of 
the is integrated circuit. 

The present invention also provides a method for con- 25 
trolling the clock frequency of a digital integrated circuit, 
consisting of varying the clock frequency in a way inversely 
proportional to the internal temperature of the circuit. 

The present invention further provides a method for 
controlling the supply voltage of a digital integrated circuit, 30 
consisting of varying the supply voltage in a way inversely 
proportional to the internal circuit temperature. 

According to an embodiment of the present invention, the 
temperature is measured by means of an integrated sensor. . 

The foregoing objects, features, and advantages of the 35 
present invention will be discussed in detail in the following 
non-limiting description of specific embodiments in connec- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

FIG. 1 partially shows in the form of blocks an embodi- 
ment of a digital thermal sensor according to the present 
invention; 

FIG. 2 shows the electric diagram of a sensor of a voltage 4s 
varying along with temperature according to an embodiment 
of the present invention; 

FIG. 3 shows a first embodiment of circuit for calibrating 
a sensor according to the present invention; 

FIG. 4 shows an embodiment of a circuit for activating the 50 
voltage sensor of FIG. 2; 

FIG. 5 partially illustrates in the form of blocks a first 
example of application of the present invention to the testing 
of an integrated circuit; 

FIG. 6 partially illustrates in the forms of blocks a second 55 
example of application of the present invention to the 
control of an operating frequency and/or of a supply voltage 
of an integrated circuit according to its internal temperature; 
and 

FIG. 7 very schematically shows a second embodiment of 60 
a circuit for calibrating the sensor of FIG. 1. 

DETAILED DESCRIPTION 

Same elements have been designated with same reference 65 
numerals in the different drawings. For clarity, only those 
elements that are necessary to the understanding of the 
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present invention have been shown in the drawings and will 
be described hereafter. In particular, the other components of 
the circuit on which the sensor of the present invention is 
integrated have not been detailed and are no object of the 
present invention. The present invention applies whatever 
the integrated circuit type and the functions that it integrates. 

FIG. 1 partially shows in the form of blocks an embodi- 
ment of a digital thermal sensor, integrated in a circuit 1 
according to the present invention. 

This thermal sensor essentially comprises a circuit 2 (TS) 
forming a sensor of an analog voltage W TH varying along 
with the integrated circuit temperature, an analog-to-digital 
converter 3 (ADC) for transforming an analog voltage 
varying along with temperature into a digital word DT 
representative of the measured temperature, and a circuit 4 
(GAL) for calibrating converter 3. 

According to the present invention and as will be seen 
hereafter in more specific relation with FIG. 2, measurement 
circuit 2 provides not only a voltage W TH indicative of 
temperature but also a reference voltage V BG for the analog- 
to-digital conversion. Voltage V BG is, for example, provided 
to calibration circuit 4 as well as to converter 3. 

The function of calibration circuit 4 is to amplify signal 
V m into an analog signal V AT acceptable at the input of 
converter 3 and to set two thresholds and 
defining the conversion range of the converter, that is, an 
analog voltage for which converter 3 provides a signal 
DT only comprised of bits at zero and an analog voltage 
for which converter 3 only provides bits at one. Low 
threshold Vrut of converter 3 preferentially corresponds to 
reference voltage V BG . This is why, in the representation of 
FIG. 1, said voltage is directly transmitted from circuit 2 to 
converter 3. 

Converter 3 is an analog-to-digital converter of conven- 
tional structure. In particular, it preferably provides a signal 
EOC indicative of the end of a conversion after reception of 
a signal \ AT to be converted, generally under control of a 
start-of-conversion signal SOC (not shown). 

In the preferred embodiment of FIG. 1, signal EOC is 
connected to a clock input of a register 5 (TR) for storing 
temperature DT provided by converter 3 at each conversion. 
Output OUT of register 5 is then exploited according to the 
desired application. 

As illustrated by the dotted lines in FIG. 1, current 
temperature DT may, if desired, be directly provided on an 
input/output port of circuit 1. Similarly, voltages and 
representative of the converter's operating range as well 
as analog voltage V AT to be converted may be provided on 
external access terminals of integrated circuit 1. 

FIG. 2 shows the electric diagram of a preferred embodi- 
ment of analog sensor 2 of FIG. 1. In FIG. 2, the sensor is 
only partially shown. In particular, an activation circuit 
thereof will be described subsequently in relation with FIG. 
4. 

According to the present invention, the circuit of FIG. 2 
forms both an element of detection of the internal tempera- 
ture of the integrated circuit and a circuit for generating 
reference voltage \ BG of bandgap type used by calibration 
circuit 4 of the converter. 

The circuit of FIG. 2 comprises a first branch comprising 
a PNP-type bipolar transistor 10, diode-connected between 
two terminals 11 and 12 of the sensor. A tenninal 11 is 
connected to the emitter of transistor 10 while its base and 
its collector are interconnected to a terminal 12 intended to 
be connected to a rail of low voltage reference supply 
of the integrated circuit (generally the ground). 



analog voltage depending on temperature and having a non-inverting input connected to 
the midpoint of its two resistive elements series-connected between the output terminal 
of said second operational amplifier and the reference voltage, the second operational 
amplifier providing an amplified voltage to be converted by said analog-to-digital 
converter. 

According to an embodiment of the present invention, said variable resistive 
elements are formed of networks of switchable resistors. 

The present invention also provides an integrated circuit comprising a digital 
temperature sensor and a JTAG port of communication with the outside of the circuit, an 
input/output register of the integrated circuit being connected to a register for 
memorizing the result provided by the analog-to-digital converter. 

The present invention also provides an integrated circuit comprising a digital 
temperature sensor and a logic block of interpretation of the current temperature 
measured by the sensor to control the frequency and/or the supply voltage of the 
integrated circuit. 

The present invention also provides a method for controlling the clock frequency 
of a digital integrated circuit, consisting of varying the clock frequency in a way inversely 
proportional to the internal temperature of the circuit. 

The present invention further provides a method for controlling the supply 
voltage of a digital integrated circuit, consisting of varying the supply voltage in a way 
inversely proportional to the internal circuit temperature. 

According to an embodiment of the present invention, the temperature is 
measured by means of an integrated sensor. 

The foregoing objects, features, and advantages of the present invention will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1 partially shows in the form of blocks an embodiment of a digital thermal 
sensor according to the present invention; 

Fig. 2 shows the electric diagram of a sensor of a voltage varying along with 
temperature according to an embodiment of the present invention; 
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